Abstract. This work presents a novel approach to decant and meter supernatant on a centrifugal platform. Supernatant decanting, such as decanting plasma from the centrifuged whole blood, is an important sample preparation procedure for the whole blood bioassays. By manipulating the centrifugally induced pressure and the elastic deformation of the chamber's plastic lid, fixed amounts of the supernatant can be decanted into the detection chamber. This approach has the advantages of low manufacturing cost and ease of operation.
Introduction
"Lab-on-a-chip" or "micro total analysis systems" (TAS) have been intensely studied in recent years. Many applications such as DNA analysis, glucose monitoring, and immunoassays have been developed. Advantages for lab-on-a chip devices include the reduction in reagent/sample consumption, parallel processing and short turnaround time. One of the most important aspects of lab-on-a-chip technology is its ability to integrate various sample preparation steps (such as separation, metering, and mixing) in one single device. It is especially important for point-of-care devices, in which the complete assay protocol needs to be carried out from whole blood to analytical results. It is also desired that the devices can be operated automatically to eliminate the need for skilled technicians and to reduce the number of human operating errors. The first sample preparation procedure is usually plasma extraction from whole blood. A few approaches have been proposed to separate cells from whole blood in microfluidic devices using magnetic susceptibility [1, 2] , acoustic force [3] , filtration [4] , and plasma skimming techniques [5] [6] [7] . In addition, a few approaches have also been attempted to decant the separated plasma to the reaction chamber on a centrifugal platform with the assistance of wax valves [8, 9] ,capillary action and siphoning effects [10] [11] [12] . In this work, we present a novel approach to decant supernatant by manipulating the centrifugally induced pressure and the elastic behavior of the plastic lid of the chamber. In addition, this approach is also capable of metering the volume of the decanted supernatant. The experimental results showed that plasma with high purity can be gathered and metered through this decanting designs.
Experiment
The centrifugal platform used in this study is a sandwich-like structure with two polycarbonate discs on both sides and a double-sided pressure-sensitive adhesive layer in between. The size of the polycarbonate disc is similar to a commercial digital video disc with diameter of 120 mm. Discs with two different thickness, 0.56 mm and 0.52 mm respectively, were used in this study in order to observe the effect of deformation while maintaining the rigidity of the platform. The thickness of the pressure-sensitive adhesive is 0.1 mm. The fluidic structures were made by patterning the pressure-sensitive adhesive layer with a cutting plotter (CAMM-1 CX24, Roland). The entry and venting holes were drilled on the discs with a CNC plotter (3D MDX-20, MODELA). To observe the flow characteristics under high rotational speeds, a flow visualization system similar to one mentioned in previous literature [13] was built. The spinning control system consists a motor (HC-KFS053, Mitsubishi) and a motor controller (PCI-7332, National Instruments). A computer program (LabVIEW, National Instruments) was used to manage the rotational speed of the motor.
The image capture system was composed of a stroboscope (DT-311N, SHIMPO), a triggering sensor (PZ-V11, Keyence), and a CMOS camera (SI-SV642C, EPIX). The triggering sensor synchronized the stroboscope with the disc spin frequency by detecting reflected signals from the trigger mark on the disc. Computer software (Vision, National Instruments) was used to analyze the experimental results from the images acquired by the CMOS camera.
Working Principle
Design. Figure 1a illustrates the supernatant decanting and metering design. The liquid sample is injected into the sample reservoir. Under a primary rotational speed (5000 RPM), the liquid flows into the decanting chamber through the flowrate regulating channel. As shown in Figure 2 , a period of time is required for the motor to accelerate to the final rotational speed and for the plastic lid to deform completely. Therefore, the flowrate must be carefully controlled so that the plastic lid of the chamber has enough time to deform before the liquid fills up the decanting chamber. After deformation, the decanting chamber can accommodate more liquid than its original volume and no liquid is allowed to flow into the detection chamber. At the same time, a liquid component with higher density starts to settle to the outer edge due to the centrifugal force, whereupon the clear supernatant forms on the inner side of the chamber (Figure 1b) . After sedimentation, the rotational is reduced to secondary rotational speed (0 RPM). The plastic lid resumes its original shape due to the reduction of the centrifugally induced pressure, thus the liquid level rises. The clear supernatant is forced out of the decanting chamber; it flows into the detection chamber by centrifugal force ( Figure  1c) . One of the advantages of this process is that because the plasma enters the detection chamber at a low rotational speed from an inner radius of the platform, many fluidic functions for sample preparation, such as mixing, can be performed after plasma extraction. In addition, although this approach was originally designed for plasma separation from whole blood, it can be applied to many other fields where supernatant decanting is required, such as soil and water testing. Quantification of the Deformation In order to better predict the deformed volume, numeric simulation was carried out by means of a commercial code, ANSYS. The mesh was created by defining its geometry and mesh density. After setting the boundary conditions, the load on each node was specified through the function editor according to the centrifugally induced pressure field. The deformed volume of the plastic lid was calculated by integrating the deflection data from each node. To examine the accuracy of the deformed volume calculated by ANSYS, a series of experiments were conducted by varying the chamber width, thickness of the plastic lid, and rotational speed while keeping the chamber length fixed at 15 mm. The volume of deformation was estimated through image analysis using the differences of the liquid level multiplied by the original depth of the chamber as shown in Figure 3 . Both experimental results and ANSYS model prediction are compared in Figure 4 . The ANSYS model predictions are very close to the experimental results. In addition, deviation from the model prediction is found to be related to the amount of deformation. After examine the cross section of the chamber, it is found that the deviation is resulted from the delamination between the adhesive and the disc, which is more profound when the deformation is large. Therefore, the deformed volume can be estimated by the ANSYS prediction along with volume resulted from the delamination. Metering. Another advantage of this decanting approach is that the decanted volume can also be metered. Since the decanted volume is governed by the deformation and recovery of the plastic lid, fixed amount of liquid can be metered by adjusting the primary and secondary rotational speeds. This metering decanting design is the same as the one shown in Figure 1 . 13 microliters of blood were injected into the sample reservoir and the disc was spun at a primary rotational speed of 5000 RPM. Figure 5 shows the decanted volumes under various secondary rotational speeds. The experimental results showed good stability for this decanting mechanism; the average coefficient of variation was around 7%.
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Conclusions
We have successfully developed a novel approach for supernatant decanting and metering on a centrifugal platform. Precise amounts of plasma can be gathered by injecting a fixed amount of whole blood into a microfluidic disc. The fluidic structure is very simple to fabricate and no surface modification is required. Therefore, the device can easily be mass-produced. Another advantage of this process is that it uses a relatively low rotational speed to move the plasma into an inner region of the disc. Therefore, fluidic functions such as mixing for biochemical reactions can be carried out afterwards on the sample disc. We believe that this approach can be easily integrated with clinical assays for point-of-care applications. 5 The decanted volumes at different secondary rotational speeds. The primary rotational speed was set at 5000 RPM
